Decreased language lateralization is a well-replicated finding in psychotic patients. It is currently unclear, however, whether this abnormality is related to a particular symptom of psychosis or to psychosis in general. It has been argued that decreased language lateralization may be related to auditory verbal hallucinations. To elucidate this, these hallucinations should be studied in isolation. Thirty-five patients with a psychotic disorder, 35 non-psychotic subjects with relatively isolated auditory verbal hallucinations and 35 healthy control subjects participated in this study. All subjects were scanned on a 3T magnetic resonance imaging scanner, while covertly performing a paced verbal fluency task. In order to measure performance on the task, one additional task block was presented during which subjects had to generate words overtly. In addition to calculating language lateralization indices, group-wise brain activation during verbal fluency was compared between the three groups. Task performance was nearly maximal for all groups and did not differ significantly between the groups. Compared with the healthy control subjects and non-psychotic subjects with auditory verbal hallucinations, language lateralization was significantly reduced for the patient group. In addition, the patients displayed significantly greater activity in the right precentral gyrus and left insula when compared with the healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations. Furthermore, the patients showed greater activity in the right superior parietal lobule when compared with the healthy control subjects. Lateralization indices did not differ significantly between the non-psychotic subjects with auditory verbal hallucinations and the healthy control subjects. Moreover, there were no significant differences in brain activation during verbal fluency between the two non-psychotic groups. As language lateralization was not significantly reduced in the non-psychotic individuals with auditory verbal hallucinations, a direct relationship between auditory verbal hallucinations and decreased language lateralization can not be established at present.
Introduction
Psychosis is a psychiatric syndrome with hallucinations and delusions as its core symptoms. While the biological substrate of psychosis remains elusive, a few functional brain abnormalities have consistently been reported. One of these well-replicated findings is decreased language lateralization in patients with psychosis (reviewed by Sommer et al., 2001b; Li et al., 2009) .
Thus far, the majority of studies on language lateralization mainly or exclusively included psychotic patients with schizophrenia (Bruder et al., 1995; Loberg et al., 1999; Artiges et al., 2000; Crow, 2000; Sommer et al., 2001a Sommer et al., , 2003 Sommer et al., , 2004 Kircher et al., 2002; Weiss, 2004 Weiss, , 2006 Dollfus et al., 2005; Razafimandimby et al., 2007; Spironelli et al., 2008; Angrili et al., 2009) . However, schizophrenia is a complex syndrome comprising positive, negative and cognitive symptoms. It is currently unclear whether decreased left-hemispheric dominance for language is related to any particular symptom or symptom cluster of schizophrenia.
In fact, decreased language lateralization was also observed in patients with psychotic depression and psychotic mania during the performance of verbal fluency tasks (Sommer et al., 2007a) , which suggests an association between psychosis per se and decreased language lateralization. Moreover, some studies reported an inverse correlation between the degree of language lateralization and the severity of auditory verbal hallucinations, thus suggesting a relation between decreased language lateralization and auditory verbal hallucinations (Levitan et al., 1999; Sommer et al., 2001a , Weiss et al., 2006 , although it should be noted that these results are inconsistent (Sommer et al., 2003 (Sommer et al., , 2007a . In addition, neuroimaging studies investigating brain activation during auditory verbal hallucinations in patients with psychosis showed language-related activation in various brain areas, including the bilateral, inferior frontal gyri, insula and temporoparietal language regions, which is suggestive of a relation between language dysfunction and auditory verbal hallucinations (McGuire et al., 1993; Dierks et al., 1999; Shergill et al., 2000 Shergill et al., , 2001 ; Van de Ven et al., 2005; Hoffman et al., 2007; Sommer et al., 2007b Sommer et al., , 2008a Diederen et al., 2010) .
While the existence of a direct relationship between auditory verbal hallucinations and decreased language lateralization has been hypothesized, the presence of such a relationship must still be established. To achieve this, auditory verbal hallucinations should be studied in (relative) isolation. Previous studies have shown that auditory verbal hallucinations also occur in non-clinical subjects (Tien, 1991; Johns et al., 2002; Sommer et al., 2008b) , in the absence of delusions and negative or cognitive symptoms and in the absence of any use of antipsychotic medication. To elucidate the existence of a direct link between decreased language lateralization and auditory verbal hallucinations, this study compared language lateralization in non-psychotic subjects with frequent auditory verbal hallucinations to healthy control subjects without auditory verbal hallucinations and to psychotic patients experiencing auditory verbal hallucinations. A verbal fluency task was used to quantify language lateralization; this task has been frequently used in previous studies (Artiges et al., 2000; Crow, 2000; Sommer et al., 2001 Sommer et al., , 2003 Sommer et al., , 2004 Weiss et al., 2004 Weiss et al., , 2006 . It was hypothesized that psychotic, as well as nonpsychotic subjects with auditory verbal hallucinations, would display decreased language lateralization in comparison to healthy control subjects.
In addition to studying language lateralization, group-wise brain activation during verbal fluency was compared between the three groups. It was hypothesized that the current study would replicate the results of previous studies that showed that patients with psychosis display functional abnormalities throughout the brain during the performance of verbal fluency tasks. In these studies, hypoactivation was mainly observed in left hemisphere brain regions and hyperactivation in right hemisphere regions (Frith et al., 1995; Yurgelun-Todd et al., 1996; Curtis et al., 1998; Artiges et al., 2000; Spence et al., 2000; Jones et al., 2004; Boksman et al., 2005; Fu et al., 2005; Schaufelberger et al., 2005; Costafreda et al., 2009 ).
Materials and methods

Participants
Thirty-five patients with a psychotic disorder, 35 non-psychotic subjects with auditory verbal hallucinations and 35 healthy control subjects participated in this study. Healthy control subjects and non-psychotic subjects with auditory verbal hallucinations were recruited via a website (www.verkenuwgeest.nl; 'explore your mind'). Sommer et al. (2008b) provide an extended description of the recruitment and selection procedure. In short, visitors of this website were invited to fill out a questionnaire based on the Launay Slade Hallucination Scale (Larøi et al., 2004) , a self-report questionnaire designed to quantify the tendency to hallucinate in healthy individuals. Subjects with high scores on items 8 and 12 of the Launay Slade Hallucination Scale (item 8: 'In the past, I have had the experience of a person's voice and then found that no-one was there' and item 12: 'I have been troubled by hearing voices in my head') were selected for participation in the group of subjects with auditory verbal hallucinations. Subjects with low scores on items 8 and 12 were selected as healthy control subjects. After initial selection subjects were invited to the hospital to undergo detailed psychiatric assessment. Subjects were included if they met the following inclusion criteria: (i) the absence of a psychiatric disorder other than anxiety or depressive disorder in full remission, as assessed by a psychiatrist using the Comprehensive Assessment of Symptoms and History interview (CASH; Andreasen et al., 1992) and the Structured Clinical Interview for personality Disorder (SCID-II; First et al., 1995) ; (ii) no alcohol or drug abuse for at least 3 months prior to the assessments; (iii) no chronic somatic disorder; (iv) voices were distinct from thoughts and had a perceptual i.e. 'hearing' quality; (v) voices were experienced at least once a month; and (vi) a history of drug or alcohol abuse did not precede the first experience of voices.
Although the individuals with hallucinations did not have any clinical delusions, they did score significantly higher on the Schizotypal Personality Questionnaire compared with a group of matched healthy control subjects (Raine, 1991; Sommer, 2008b) . In addition, the combination of hallucinations (perceptual aberrations) and magical ideation present in most non-psychotic individuals with auditory verbal hallucinations made them score on at least three items on the DSM-IV criteria for schizotypal personality disorder. However, social capacity and affect were found to be adequate. Non-psychotic subjects with auditory verbal hallucinations were not diagnosed as 'Psychosis Not Otherwise Specified' as they were not bothered by these auditory verbal hallucinations and did not present with social or professional dysfunction. To confirm the absence of drug abuse, urine samples were collected and tested for opiates, amphetamines/Ecstasy, cocaine and cannabis.
In addition to the healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations, 35 patients with a psychotic disorder were recruited from the Department of Psychiatry, University Medical Center Utrecht and the Parnassia Bavo Group in The Hague, The Netherlands. For these patients the following inclusion criteria were used: (i) voices had to be distinct from thoughts and have a perceptual quality; (ii) voices were experienced at least once a month; (iii) no alcohol or drugs abuse was present for at least 3 months prior to the scan; and (iv) patients did not have a chronic somatic disorder. Patients were diagnosed by an independent psychiatrist using the Comprehensive Assessment of Symptoms and History interview. DSM-IV diagnoses and medication use of the patients and a demographical description of all participants is provided in Table 1 . Nine of the psychotic patients did not want to be treated with antipsychotic medication and did not meet criteria for involuntary treatment. The three groups did not differ significantly with respect to age, sex and handedness, however years of education were significantly lower for the patients with psychosis compared with the control subjects and the non-psychotic subjects with auditory verbal hallucinations. This study was approved by the Humans Ethics Committee of the University Medical Center, Utrecht. After complete description of the study to the subjects, written informed consent was obtained.
Clinical evaluation
The level of global functioning was assessed with the Global Assessment of Functioning scale (GAF; Endicott et al., 1976) . In addition, to assess if differences in characteristics of the voices were present between the non-psychotic subjects with auditory verbal hallucinations and the patients with psychosis, the Psychotic Symptom Rating Scales (PSYRATS; Haddock et al., 1999) were used. The Psychotic Symptom Rating Scales examines frequency, duration per hallucination, location (inside and/or outside the head), loudness, explanation about the origin of the auditory verbal hallucinations, emotional content (positive/negative), degree of negative content, number of positive versus negative voices, controllability, distress and the age at which subjects first experienced auditory verbal hallucinations. The variable 'emotional valence of content' was operationalized as the sum of three items from the Psychotic Symptom Rating Scales: 'amount of negative content of voices', 'degree of negative content' and 'amount of distress'. The variable 'total distress' was operationalized as the sum of two items from the Psychotic Symptom Rating Scales: 'intensity of distress' and 'disruption to life caused by voices'. Furthermore, in the patient group the Positive and Negative Syndrome Scale (PANNS; Kay et al., 1987) was used to assess symptoms.
Univariate analysis of variance (ANOVA) was used to assess difference in global functioning. Multivariate analysis of variance (MANOVA) was used to test for differences in characteristics of the voices between the groups. Statistical analyses were performed using Statistical Package for Social Sciences (SPSS) for Windows, version 15.0. All analyses were thresholded at P = 0.05. For post hoc tests Bonferroni correction was applied or Tukey tests were used. 
Experimental task and data acquisition
While in the scanner, language activation was measured during 8 min in which a paced verbal fluency task was presented. Participants were asked to covertly generate a word starting with a letter displayed on the screen placed in front of them. Letters were presented in eight activation blocks, each block lasting 30 s. In each activation block 10 letters were displayed at a rate of one every 3 s. The letters X, Q and C were excluded since it is relatively difficult to form words with these letters. The baseline condition consisted of a cross projected on the screen in order to correct for visual input. After the 8 min language task, one additional task block was presented, in which subjects had to generate words overtly. This block was used to measure behavioural performance of the subjects while they were in the scanner. Activation maps were obtained using a Philips Achieva 3 Tesla Clinical MRI scanner. Eight hundred blood oxygenation leveldependent functional MRI images were acquired with the following parameter settings: 40 (coronal) slices, repetition time/echo time 21.75/32.4 ms, flip angle 10 , field of view 224 Â 256 Â 160, matrix 64 Â 64 Â 40, voxel size 4 mm isotropic. This scan sequence achieves full-brain coverage within 609 ms by combining a principles of echo shifting with a train of observations (3D-PRESTO) pulse sequence with parallel imaging [sensitivity encoding (SENSE)] in two directions (Neggers et al., 2008) , using a commercial 8-channel SENSE headcoil. Since these PRESTO SENSE images have little anatomical contrast, 40 identical scans, but with a flip angle of 27 rendering a better anatomical contrast were acquired to improve realignment and co-registration during the preprocessing. After the functional scans a high resolution anatomical scan was acquired to improve localization of the functional data using the following parameters: repetition time/ echo time 9.86/4.6 ms, 0.875 Â 0.875 Â 1 voxels, flip angle 8 , field of view 224 Â 160 Â 168, 160 slices.
Functional magnetic resonance imaging pre-processing and analysis
Functional MRI data were analysed using statistical parametric mapping (SPM5; Welcome Department of Cognitive Neurology, London, UK). Preprocessing included within-subject image realignment with the mean of the 40 scans with a flip angle of 27 as the reference to correct for the effects of head motion, co-registration of the mean of the 40 scans with a flip angle of 27 and the T 1 -weighted anatomical image and spatial normalization to a standard Montreal Neurological Institute template. Finally, images were smoothed using an 8 mm full width at half maximum Gaussian kernel. For the verbal fluency paradigm a model was created to contrast activity during presentation of the letter fluency versus baseline blocks. Functional images were analysed on a voxel by voxel basis using multiple regression analysis (Worsley and Friston, 1995) with one factor coding for activation (task versus rest).
Language lateralization
Lateralization indices were calculated on individual first level analyses. For this purpose, a mask was created using the Anatomical Automatic Labelling atlas (Tzourio-Mazoyer et al., 2002; Sommer et al., 2008a) comprising the main areas where language processing is thought to be mediated as well as their contralateral homologues (Sommer et al., 2008a) . Language areas consisted of the bilateral inferior frontal triangle, the bilateral insula, the middle temporal gyrus, the superior temporal gyrus, the supramarginal gyrus and the angular gyrus. Lateralization indices were defined as the difference in 'thresholded' signal intensity changes in the left versus the right hemisphere (within the selected language regions) divided by the total sum of 'thresholded' signal intensity changes. Using this method, activity measures are based on signal intensity changes in those voxels that exceed a predefined activation level, as recommended by Jansen et al. (2006) as a more suitable way to calculate cerebral lateralization than simple activated voxel-count hemispheric difference measures. This method yields lateralization indices between 1 (indicating strong lefthemisphere dominance) and À1 (indicating strong right-hemisphere dominance). Thresholds for calculating lateralization indices were set at P = 0.05, Family Wise Error corrected for all voxels within the language mask. Between-group differences in lateralization indices were assessed with an ANOVA. To explore correlations between lateralization indices and item P3 of the Positive and Negative Syndrome Scale, i.e. hallucinatory behaviour in the patient group, a Spearman correlation was calculated. Statistical analyses were performed using SPSS for Windows, version 15.0. All analyses, except for post hoc tests, were thresholded at P = 0.05. The Tukey test was used for post hoc testing.
Group-wise activation during verbal fluency
Group-wise activation during the verbal fluency task was assessed with a one sample t-test in which the three groups were combined. To test if the three groups displayed differences in brain activation during the verbal fluency task a univariate analysis of variance was specified using the full-factorial option of SPM5. For this ANOVA, one factor 'between-group' was specified with three independent levels (healthy control subjects, non-psychotic subjects with auditory verbal hallucinations and psychotic patients) with unequal variance. All analyses were thresholded at P = 0.05, whole-brain Family Wise Error corrected, with an extended threshold of 4 voxels. Bonferroni correction was applied for post hoc testing.
Results
Clinical evaluation
Thirty-two patients completed the Positive and Negative Syndrome Scale interview. This interview revealed that patients were chronically psychotic with a mean total score of 62.8 [standard deviation (SD) 15.4] and average scores of 16.2 (SD 3.8) on the positive subscale, 16.4 (SD 4.9) on the negative subscale and 30.7 (SD 8.8) on the scale assessing general psychopathology.
Global Assessment of Functioning scores could be obtained in 34 control subjects, 34 non-psychotic subjects with auditory verbal hallucinations and in 34 patients. The between-group ANOVA with Global Assessment of Functioning scale score as the independent variable showed a main effect of group [F(2) = 200, P50.001]. Post hoc (Tukey) tests revealed that the control subjects differed significantly from the non-psychotic subjects with auditory verbal hallucinations (P = 0.043), the control subject differed significantly from the patients (P50.001) and the nonpsychotic subjects with auditory verbal hallucinations differed significantly from the patients (P50.001). Inspection of the mean scores indicated that, of the three groups, the patients (mean = 50.22; SD 10.64) scored lowest on the Global Assessment of Functioning scale. In addition, non-psychotic subjects with auditory verbal hallucinations (mean = 82.53; SD 7.46) scored significantly lower on the Global Assessment of Functioning scale than the control subjects (mean 87.35; SD 5.80).
The between-group multivariate analysis of variance with the items of the Psychotic Symptom Rating Scales as the dependent variables revealed a significant difference between non-psychotic subjects with auditory verbal hallucinations and psychotic patients [F(10, 259) = 22.359, P50.001]. When the results for the dependent variables were considered separately, a significant difference was found for frequency, duration, emotional valence of content, controllability and total distress using a Bonferroni adjusted alpha level of 0.005. Patients scored significantly higher on these items. No significant differences were found for location (i.e. inside/outside the head), loudness, number of different voices and explanation about the origin of the auditory verbal hallucinations. Means, standard deviation and statistical tests for the Psychotic Symptom Rating Scales are displayed in Table 2 .
Performance
Performance on the language task was available in 22 healthy control subjects, 23 non-psychotic subjects with auditory verbal hallucinations and 31 patients with psychosis. Performance was not available in the other subjects as there was no time for an additional task block during these scans. The mean percentage correct performance was 98.9 (SD 3.1) for the healthy control subjects, 99.8 (SD 1.0) for the non-psychotic subjects with auditory verbal hallucinations and 96.8 (SD 0.4) for the patients with psychosis. There was no significant main effect for task performance (U = 5.07, P = 0.08).
Functional magnetic resonance imaging results
Lateralization indices
The mean lateralization index was 0.35 (SD 0.29) for the healthy control subjects, 0.27 (SD 0.33) for the non-psychotic subjects with auditory verbal hallucinations and 0.02 (SD 0.38) for the patients with psychosis. The ANOVA with lateralization index as the dependent variable and group as the fixed factor revealed a significant effect for group [F(2) = 9.33, P50.001). Post hoc t-tests showed that the lateralization indices were significantly lower for the patients compared with the healthy control subjects (P50.001) as well as for the patients compared with the non-psychotic subjects with auditory verbal hallucinations (P = 0.006). The healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations did not differ significantly (P = 0.599). Figure 1 shows box plots for the lateralization indices of the healthy control subjects, the non-psychotic subjects with auditory verbal hallucinations and the patients. In addition, there was no significant correlation between the score on item P3 of the Positive and Negative Syndrome Scale, i.e. hallucinatory behaviour and lateralization indices in the patients with psychosis (Spearman's = À0.090, P = 0.630). 
Group-wise activation during verbal fluency
The one sample t-test comprising the three groups revealed activation of multiple language regions, including the bilateral inferior frontal gyri, insula, middle/superior temporal gyri and inferior parietal gyri during verbal fluency. Table 3 shows the coordinates, t-values and cluster size of all significantly local maxima for the three groups collapsed. Figure 2 shows SPM t-values of all the significant local maxima for the healthy control subjects, the non-psychotic subjects with auditory verbal hallucinations, the patients with psychosis and the three groups collapsed. The ANOVA revealed a main effect of group in the right precentral gyrus, the right superior parietal lobule and the left insula. Post hoc t-tests, using a Bonferroni adjusted alpha level of 0.0167, showed that compared with the healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations, the patients with psychosis showed greater activation in the right precentral gyrus and left insula. In addition, increased activation in the patients compared with the healthy control subjects was found in the right superior parietal lobule. No significant differences in brain activation were present when the healthy control subjects were compared with the non-psychotic subjects with auditory verbal hallucinations. Figure 3 shows the SPM F-values for the main effect of group differences and post hoc SPM t-values for the psychotic patients and healthy control subjects and the psychotic patients and the non-psychotic subjects with auditory verbal hallucinations. Table 4 lists the coordinates, F-values, t-values and cluster sizes for the main effect of group and the post hoc tests. 
Discussion
This study focused on comparing language lateralization between patients with psychosis, non-psychotic subjects with auditory verbal hallucinations and healthy control subjects. As a number of previous studies suggested a direct link between auditory verbal hallucinations and decreased language lateralization, this study investigated language lateralization in non-psychotic subjects who experience auditory verbal hallucinations in relative isolation. Non-psychotic individuals with auditory verbal hallucinations were considered to hold an intermediate position on an auditory verbal hallucinations continuum, with healthy individuals at one end and individuals with a psychotic disorder at the other. Being an intermediate on this continuum, these individuals are expected to be affected to some extent as expressed by the presence of sub-clinical levels of suspicion, formal thought disorder, a tendency for magical ideation and a somewhat lower Global Assessment of Functioning scale score. It was hypothesized that patients with psychosis as well as non-psychotic subjects with auditory verbal hallucinations would display decreased language lateralization in comparison to healthy control subjects.
Contrary to this hypothesis, non-psychotic subjects with auditory verbal hallucinations did not show decreased language lateralization in comparison to the healthy control subjects. In contrast, lateralization was significantly reduced for the patients with psychosis in comparison to both the non-psychotic subjects with auditory verbal hallucinations and the healthy control subjects. Reduced left-hemispheric dominance for language in patients with psychosis is in line with previous studies (Bruder et al., 1995; Loberg et al., 1999; Artiges et al., 2000; Crow, 2000; Sommer et al., 2001 Sommer et al., , 2003 Sommer et al., , 2004 Kircher et al., 2002; Weiss, 2004 Weiss, , 2006 Dollfus et al., 2005; Razafimandimby et al., 2007; Spironelli et al., 2008; Angrili et al., 2009) .
The absence of decreased language lateralization in non-psychotic subjects with auditory verbal hallucinations argues against a direct relation between decreased language lateralization and auditory verbal hallucinations. As decreased language lateralization is not only present in psychotic patients with schizophrenia, but also in patients with psychotic depression and psychotic mania (Sommer et al., 2007a) , this abnormality is presumably related to psychosis in general. Moreover, decreased language lateralization was also observed in non-psychotic monozygotic twins with schizophrenic co-twins, as well as in subjects at high genetic risk for psychosis (Sommer et al., 2004; Bhojraj et al., 2009) , which might indicate that this abnormality is a trait, i.e. a genetic predisposition, for psychosis. Speculating on these results, non-psychotic individuals with auditory verbal hallucinations may share their predisposition to hallucinate with psychotic patients, but may lack other psychosis-related factors such as decreased language lateralization. Furthermore, differences in language lateralization between the patients with psychosis and the non-psychotic subjects with auditory verbal hallucinations may be related to different characteristics of the voices in these groups. Voices in the non-psychotic subjects with auditory verbal hallucinations differed from the voices in the psychotic patients with respect to frequency, duration, emotional valence of content, controllability and total distress experienced by the voices. This is in concordance with a previous study in which over 100 non-psychotic subjects with auditory verbal hallucinations were compared with patients with psychosis (Daalman et al., in press) . They reported that voices in patients with psychosis differ from voices in non-psychotic subjects with auditory verbal hallucinations with respect to the emotional valence of the content, the frequency of auditory verbal hallucinations, the degree of control subjects had over their auditory verbal hallucinations and the age at which subjects heard voices for the first time. However, other characteristics such as voices Main effect between-group thresholded at P = 0.05, Family Wise Error corrected, with an extended threshold of 4 voxels; Post hoc tests thresholded at P = 0.0167. Family Wise Error corrected, with an extended threshold of 4 voxels. SPM F-values for the main effect of between-group differences during verbal fluency, post hoc t-tests for the psychotic patients and healthy control subjects and post hoc ttests for the psychotic patients and the non-psychotic subjects with auditory verbal hallucinations. AVH = auditory verbal hallucinations.
heard inside or outside the head, loudness and number of voices were similar for both groups. In addition to comparing language lateralization between the psychotic patients, the non-psychotic subjects with auditory verbal hallucinations and the healthy control subjects, group-wise brain activation during verbal fluency was compared between the three groups. No significant differences in brain activation were observed between non-psychotic subjects with auditory verbal hallucinations and healthy control subjects. However, the patients differed significantly from both the healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations. In comparison to both groups, patients with psychosis displayed increased activation in the right precentral gyrus and left insula during the verbal fluency task. In addition, as compared with the healthy control subjects, the patients showed increased activation in the right superior parietal lobule. Hyperactivation in the left insula, as observed in the present study, in not in concordance with previous studies that mainly reported hypoactivation in left hemisphere brain regions (Frith et al., 1995; Yurgelun-Todd et al., 1996; Curtis et al., 1998; Artiges et al., 2000; Spence et al., 2000; Jones et al., 2004; Boksman et al., 2005; Fu et al., 2005; Schaufelberger et al., 2005; Costafreda et al., 2009) . Hyperactivation in the right precentral gyrus and superior parietal lobule is partly in agreement with previous studies (Spence et al., 2000; Frith et al., 2005; Costafreda et al., 2009 ), but not with others that primarily reported hypoactivations in left-hemisphere brain regions (Jones et al., 2004; Boksman et al., 2005; Fu et al., 2005) . It has been suggested that task performance can be a confounding factor because poorly performing patients may not generate sufficient words in a verbal fluency task, which will typically result in a bias towards reduced language-related left-frontal activity (Frith et al., 1995; Sommer et al., 2001) . When patients are matched for performance, however, no hypoactivation is observed (Frith et al., 1995; Sommer et al., 2001 Sommer et al., , 2003 Weiss et al., 2004) .
Interestingly, both the right precentral gyrus and superior parietal lobule, showing significant differences in the patients with psychosis, are not considered to be classic language areas. The right precentral gyrus has primarily been implicated in motor function and the right superior parietal lobule in visuomotor and attention processes (Corbetta et al., 1998; Culham and Kanwisher, 2001 ). Yet, a review by Vigneau and colleagues (2006) showed that activation of the precentral gyrus is frequently reported during verbal fluency and other phonological language tasks. Perhaps activation of this region is related to motor processes involved in language production, such as articulation.
Limitations
A limitation of the present study is that the usage of antipsychotic medication by many of the patients may have influenced the results. Although Weiss et al. (2006) and Razafimandimby et al. (2007) showed that reduced language lateralization was also present in unmedicated patients with schizophrenia, the exact effects of these agents on brain activation during verbal fluency tasks remains unclear.
Another limitation is that performance was not measured in all subjects. However, performance was measured in most (31/35) of the patients with psychosis, in which low performance might have constituted a problem. In addition, while no significant difference in performance was present between the three groups, performance differed on trend level, which may have influenced the results. As the difference was not significant, performance was not entered as a covariate in the analyses. Also, due to the relative simplicity of the task, possible differences in performance between the groups may not have been visible. Finally, a limitation of the applied method for the calculation of lateralization indices is that the chosen significance level could have exerted an influence on the results. However, after calculating lateralization indices using different thresholds (t = 2 and t = 4), the differences between the three groups remained stable i.e. the patients differed significantly from both the healthy control subjects and the non-psychotic with auditory verbal hallucinations, while the latter two groups did not differ significantly from one another.
In summary, no decrease in language lateralization was present in non-psychotic subjects with auditory verbal hallucinations, while patients with psychosis showed decreased language lateralization compared with the healthy control subjects and the non-psychotic subjects with auditory verbal hallucinations. A direct relationship between auditory verbal hallucinations and decreased language lateralization can therefore not be established.
